BMP = bone morphogenetic protein; C-Smad = common Smad (Smad 4); IL = interleukin; LAP = latency-associated protein; MH = Mad homology domain in the Smads; R-Smad = receptor-activated Smad (Smads 2 and 3 for TGF-β signaling; Smads 1, 5 and 8 for BMP signaling); Smad = a composite term derived from Sma genes from Caenorhabditis elegans and Mad gene (Drosophila melanogaster) involved as intracellular substrate for TGF-β and BMP signaling; TGF-β = transforming growth factor-β.
It is common knowledge that with aging one confronts the generally inevitable pain in the joints that limits mobility as a result of osteoarthritis. Osteoarthritis is characterized by articular cartilage damage and the resultant repair response including osteophyte formation and joint capsule thickening. The etiology of osteoarthritis remains unknown. At steady state the homeostasis and response of articular cartilage is determined by the exquisite control of the cells and extracellular matrix by anabolic morphogens and catabolic cytokines [1] . The aim of this commentary is to place in context a recent article in this journal of anabolic growth factor, transforming growth factor-β (TGF-β) signaling in articular cartilage in aging mice [2] . This commentary will discuss TGF-β signaling and osteoarthritis in an experimental investigation in the mouse. It is important to bear in mind that results obtained in mice may not be directly extrapolated to humans.
TGF-β is a secreted homodimeric pleiotropic protein regulating proliferation, migration, differentiation, and death in a variety of cell types including articular chondrocytes in the joint. There are three isoforms of TGF-β, designated TGF-β 1 , TGF-β 2 , and TGF-β 3 , in mice and humans. TGF-β isoforms have wide-ranging roles in the development, maintenance and homeostasis of articular cartilage along with related bone morphogenetic proteins (BMPs). In several human diseases such as autoimmunity, cancer, and fibrosis, there is a perturbation of TGF-β signaling [3, 4] . The related BMPs have fundamental roles in the lineage, morphogenesis, maintenance, and homeostasis of articular cartilage [5, 6] .
The members of the TGF-β family bind to a heteromeric receptor complex on the cell surface and activate an intracellular signal transducing the Smad complex (a composite term derived from Sma genes from Caenorhabditis elegans and Mad gene (Drosophila melanogaster) involved as intracellular substrate for TGF-β and BMP signaling). The receptor complex initiating the TGF-β response consists of two type II and two type I TGF-β receptors. These receptors are transmembrane serine/threonine protein kinases. The receptor protein kinases phosphorylate the cytosolic Smads 2 and 3, which are also referred to as R-Smads and receptoractivated Smads. Phosphorylation of Smads 2 and 3 results in a conformational change and permits interaction with a common Smad (C-Smad) and initiates the translocation into the nucleus. In the nucleus they act in collaboration with sequence-specific transcription coactive factors to initiate and regulate gene expression. Binding of the TGF-β isoforms to the TGF-β receptors (TGF-βRs) results in the recruitment and phosphorylation of R-Smads by type I TGF-βR (also known as activin receptorlike kinase-5, or ALK-5). A trimeric complex of two R-Smads and one common Smad, Smad 4, is translocated from the cytoplasm into the nucleus to act as transcription factors [3, 4] .
In the article published recently in Arthritis Research and Therapy [2] , the authors examined TGF-β in the knee joints of mice aged 5 months or 2 years. The mice were challenged with IL-1 to initiate cartilage catabolism. The authors examined the response of the articular cartilage to TGF-β 1 as an anabolic factor that can counteract the actions of catabolic cytokine IL-1. To gain insights into the cell types and cellular compartments, immunocytochemical methods were employed. TGF-β isoforms 1, 2, and 3, TGF-β receptors I and II, Smads 2, 3, 4, 6, and 7, and phosphorylated Smad 2 (Smad-2P) were localized in the joints of young and old mice. In 2-yearold mice there was a decline in the expression of TGF-β 2 , TGF-β 3 and TGF-β receptor. It is noteworthy that the number of cells expressing phosphorylated Smad 2 decreased in old mice. In addition, blockade of TGF-β signaling by the latencyassociated protein (LAP) delivered by an adenoviral vector was employed. The LAP attenuated the loss of proteoglycan in response to treatment with IL-1. This indicates that the TGF-β signaling induced as a repair response to IL-1 is curtailed by TGF-β depleting LAP. The LAP binds to TGF-β and prevents its bioavailability to the receptors.
Although it is clear that TGF-β-mediated anabolic signaling is an important aspect of joint homeostasis, future studies need to focus on members of the BMP family such as BMP-2, BMP-7, and growth differentiation factor 5 (GDF-5). GDF-5 is also known as cartilage-derived morphogenetic protein 1 (CDMP 1) and has been implicated in articular cartilage development and maintenance [6, 7] .
